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ABSTRACT 
Seven saturated and three unsaturated fatty acids were tested in ten different con-
centration (from 0.5 meg to 500 mcg/ ml of medium) for their effect on the growth of 
Corynebacterium acnes in vitro. Of the unsaturated fatty acids tested, oleic acid (18: 1) 
was found to significantly stimulate C. acnes growth. Saturated fatty acids from Cs to 
C10 were found to suppress C. acnes growth. Lauric acid (12:0) was the most inhibitory. 
These findings are discussed in relation to the in vivo ecology of the human skin flora. 
The natural habitat of the anaerobic diph-
th roid Corynebacterium acnes is in the lumen 
of the pilo- ebaceous canals of the human skin 
(1). This specie , together with the coagulase 
negative staphylococci type II, micrococci 
types 2, 3, 1 and 7, lipophilic diphtheroids, and 
aerobic non-lipophilic diphtheroids, forms the 
typical re ident bacterial flora of adult human 
skin (2, 3). It i of intere t that, in spite of the 
great varietie of bacteria in the environment 
to which human kin is continually expo ed, 
only the organism mentioned above (with few 
exception uch a gram negative enterobacteri-
accac in th moist intertrigenous areas) con-
istently make the skin their natural habitat. 
Oth r"' which make up the tran ient flora sur-
vive only temporarily on the urface of the 
kin. Thi ' clf-di infecting' property of the 
kin in rcrrard to transient organisms has been 
exten ively tudied ( 4, 5, 6). Rebell et al. 
(5) tr ed de iccation of the enterobacteri-
ac ae and E>ther gram negative orrranisms as a 
main factor contributing to their rapid disap-
pearance from exposed skin urface . Burten-
haw (4) andlaterRick ttsetal. (6) illustrated 
the importance of oleic acid in the free fatty 
acid fraction of ebum in inhibiting growth of 
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transient streptococci and coagulase positive 
staphylococci. Relatively few studies have 
tressed the possible growth-stimulating prop-
erties of the skin which contribute to the sur-
vival and entrenchment of the so-called 
resident flora. Obviously skin surface lipids en-
hance the growth of known lipophilic members 
of the resident microbial flora. The most nota-
ble of these are the lipophilic diphtheroid 
(which thrive in vitro only on media contain-
inrr lipid substrates or Tween 80 which con-
tains oleate) and the lipophilic yeasts Pityro-
sporum orbiculare and ovale (which require 
Tween 0 or olive oil for in vitro propagation). 
Recent studies (7, , 9) have demonstrated 
thnt C. acnes as well as coagulase negative 
staphylococci posse~s lipolytic enzymes capable 
of h~·drolysing trirrlycerides in vitro. Prelimi-
nary ra diorespirometry studies in our la bora-
tory have demonstrated that C. acnes catabo-
liz s the glycerol moiety of the triglyceride, but 
the effect and possible utilization of the fatty 
acid moiety has yet to be tudied. The present 
paper is a study of the effect of various con-
centrations of fatty acid found in sebum, on 
the growth of C. acnes in vitro. 
MATERIALS A~D METHODS 
T"·o strains of Corynebacterium acnes were stud-
ird. Both had been isolated from human sebaceou 
material and had been identified by a series of 
biochemical tests listed in a pre,·ious publication 
(10). Strains were maintained at 4° C on brain 
heart infusion agar !ant (Difco) plus 1% dextro e, 
and transferred one mon thl~·. For each experi-
ment log pha e culture from 72-hour slants were 
u, rd. Cui ture were washed t"·ice with terile 
phy iologic aline and resu pended in basal me-
dium. The turbidit~· of the u 1 ensions was ad-
.iu ted to optical density of 0.05 in the Coleman 
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TABLE I 
P ercentage of growth* obtained with the different concentmlions of fatly acids and glycerol 
Fatty Acid 
Do e, M:cg/ml Glycerol 
6:0 8: 0 10:0 12:0 14:0 15:0 16:0 16: 1 18:1 1 :2 
500 97 12 Ot Ot 0 - - 73 1 2 113 160 
250 111 29 16 Ot 0 - - 63 160 100 1-19 
100 107 54 44 Ot 1 - - 67 133 7 129 
50 106 57 55 Ot 5 - - -!9 126 0 133 
25 102 71 67 0 30 - - -!9 109 69 112 
10 107 67 75 23 31 - - 69 9 7-t 11() 
5 116 0 64 48 32 37 49 0 90 ()4 123 
2.5 115 57 63 47 35 3() 53 114 5 73 115 
1 112 81 59 51 41 75 5+ 97 2 7 I 12-J. 0.5 112 2 73 51 61 75 G3 100 90 92 111 
* Expressed compared to basal medium co ntrols representing 100%. 
t Bacteriocidal. 
Jr. spectrophotometer at 660 m~ (i.e. to contain 
approximately 50 to 100 million live organisms/ 
ml). 
The basal medium consisted of 1% Bacto pep-
tone supplem nted l'ith 0.5 % Bacto yeast extract. 
even saturated and 3 un aturated fatty acids were 
tested. These \\ere caproic (6:0) , caprylic (8:0) , 
capric (10:0) , lauric (12:0), myristic (14 :0) , 
pentadecanoic (15:0) , palmitic (16:0), palmitoleic 
(16:1). oleic (18:1) , and linoleic (18:2 ) .* 
In the case of the liquid fatty acids. ba al me-
dium was dispensed in 10 ml amounts dircctl~, 
into labeled ether rinsed Hycel pectrophotometer 
cuwttes (19 mm x 105 mm) which were then 
~toppered wi th gauze plugs and autoclaved. The 
fatty acids w re diluted with ethyl ether and 
added in appropriate concent rations to the re pec-
tin' tube . Eth r n·a eliminat d by evaporation in 
a 37° C waterbath. and 0.1 ml of the inoculum was 
added to each tube. The solid fatty acids wrr 
dissoh·rd in acetone at room temperature, and 
tlwn ndckd dropn·ise to steril basal medium at 
boiling temperature and under constant stirring on 
a Fi. ·hcr Thermix magnetic t.irrer. This provided 
an e,·rn u:-;pension of the fatty acid and eliminated 
t hP a(·ctone b~· e\·aporation. The medium \vas then 
distribut rd into sterile ether rinsed cuvettes in 10 
ml amount . nnd inoculated with C. acnes as de-
scribed preYiou I~· . Duplicate cont rols of teril e 
basal medium wi thout additives were inoculated 
and includ d in each experiment. 
Each fatt:v acid was to ted in 10 concentration 
rnnging from 0.5 mcg/ ml of medium to 500 meg/ 
ml of medium in 4 to 6 separate experiments. 
Optical den it:r 1\a read in a Coleman Jr. Spec-
trophotometer at 660 m~ at time 0, immedi-
ntel.'· after inoculation. and every 24 hours 
*All from Applied Science Laboratories, Ingle-
\Yood. California. 
th crrafter for 4 da~· s. B fore reading. th tubes 
were agitated on a cientific Products D luxe mixer 
for 30 cconds to di pers th growth evenly 
th roughout t he medium. Incubat ion wn carried 
ou L nnnerobically at 37o C in Br wer anaerobic 
jar filled n·ith 90 % nitrog n and 10 ~ carbon 
dioxide. At the end of th four-da~· incubation 
period. after the last reading hnd been made, 
samples from each tub were inoculal d on brain 
hrn rt infusion agar for anaerobic incul rttion as a 
c·h ock to tC' t tho purity of th cultur . and also 
to test fo r the bacteriocidal or bact rio tatic effects 
of ~omr of the fntt:v acid . 
RE ULT 
Due to t he difficulty of me1intainin0' even 
suspen ions of t he highe t concentration of 
pentadecanoic and palmitic acids in the me-
dium, it wa. impo ible to make accurate 
orJtical density reading of the be1cterin I O'rowth 
in the presence of t he e acids. Howe,·cr, inoc-
nlations of the culture onto solid medium at 
t he end of the fou r-day incubation period gave 
indicat i on ~ of the effect of t he.Je concentrations 
on C. acnes. 
The re~ul ts of all t he studi e are ummarized 
in T able I. In each ca e t he percentages repre-
sent the combined result of four to IX 
eparate experiments, and are compared t o 
growth in the basal m edium control repre-
enting 100%. Correction for de,·iation in 
optical density readings were m ade according 
to the formula of Toennis and Gallant ( 11). 
Of the unsaturated fatty acid ~, oleic acid 
bad a definite stimulatory effect on the O'rowth 
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FIG. 2. Inhibition of C. acnes growth by satu-
rated fatty acids from Cs to Cu. 
of C. acnes in vitro. This effect was propor-
tional to the concentration of oleic acid used, 
and ceased. to be significant in concentrations 
less than 25 mcg/ml. With the greatest con-
centration of oleic acid tested (i.e. 500 meg/ 
ml) the growth of C. acnes was 82% greater 
than in th control tube . For comparative 
purposes tubes containing the same range of 
concentrations of glycerol were also included 
in the experiment. After 96 hours of incuba-
tion the timulatory effect of 500 meg of glyc-
rol/ml produced 11rowth 60% heavier than in 
the b al medium controls. Figure 1 demon-
strates th comparative stimulatory effects of 
different concentration of glycerol and oleic 
acid, on C. acne growth. 
Linoleic acid at concentrations of 500 meg/ 
ml was slightly stimulatory to C. acnes growth, 
but at lesser concentrations this effect disap-
peared. 
The saturated fatty acids beyond the six-
carbon chain length had an inhibitory effect on 
the growth of C. acnes (see Figure 2). Caproic 
acid (6: 0) was the only saturated fatty acid 
tested which was slightly stimulatory. For the 
other saturated fatty acids, the suppressive ef-
fect on C. acnes increased with the increase in 
chain length, up to lauric acid with 12 carbon 
atoms. Lauric acid, the most inhibitory of the 
fatty acids tested, was bacteriocidal at con-
centrations of 50 mcg/ ml and bacteriostatic in 
concent rations of 25 mcg/ ml. The median re-
sponse (i.e. 50% of growth in control tubes) 
was obtained at 5 mcg/ ml, but even at 0.5 
mcg/ ml, growth was suppressed by 49%. 
Capric acid (10:0) was bacteriocidal at 500 
mcg/ ml and suppressed growth by 84% at 250 
mcg/ ml. Myristic acid (14:0) exerted a sup-
pressive effect in concentrations of 50 mcg/ ml 
and above, but this effect was bacteriostatic 
rather than bacteriocidal. Median dose re-
sponse for myristic acid was between 1 to 0.5 
mcg/ ml. 
Caprylic acid ( : 0) was suppressive in con-
centrations of 500 to 250 mcg/ ml, but growth 
in the presence of lesser concentrations was 
generally above median growth obtained in the 
ba al medium controls. 
Pentadecanoic (15:0) acid, one of the pre-
dominant fatty acids found in G. acnes (12), 
had a definite suppressive effect on C. acnes 
growth. 
Palmitic acid, (16:0) which is the predomi-
nant fatty acid of the fatty acid fraction of 
kin surface lipid (16) and was the most in-
soluble of the fatty acids tested, appeared to be 
suppre ive, but not bacteriocidal fo r C. acnes 
eYen at 500 concentrations of mcg/ ml. 
DISCUSSION 
Recently attention has re-focused on the 
bacterial ecology of the skin, particularly on 
the interrelationship of the microorganisms of 
the skin and the con tituents of the skin sur-
face lipids. Marples (2) in a recent review of 
the normal bacterial flora of human skin re-
empha iz.ed that cutaneous orgamsms are 
found in the mo t uperficial layers of the 
epidermi , except in the areas with sebaceous 
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iollicles, and here the C. acnes can be found in 
the depth of the follicles. So the skin bacteria 
have to exist and thrive in the constant pres-
ence of skin surface lipids. In fact, as studies by 
Somerville ( 13) have stressed, the primary 
determinant of the normal flora appears to be 
the activity of the sebaceous glands. In the case 
of C. acnes, whose predominant habitat on the 
skin is in the pilosebaceous units, it may be 
that sebum is important as a source of essen-
tial nutrients. 
The present study demonstrated that in vitro 
oleic acid stimulates C. acnes growth. This 
finding complements the earlier studies of Pills-
bury and Rebell (14) who reported that oleic 
and linoleic acids slightly stimulated growth of 
the aerobic 'normal skin diphtheroids'. Also, 
the fact that most of the saturated fatty acids 
were inhibitory to C. acnes parallels the re-
sults of the above investigators who reported 
that saturated fatty acids, caprylic acid in par-
ticular, were inhibitory to aerobic cutaneous 
cocci and diphtheroids. It must be pointed out, 
however, that Pillsbury and Rebell used 10% 
concentrations of the fatty acids, dosages far 
above anything approximating the in vivo sys-
tem. 
On the other hand, studies on the effect of 
fatty acids on the transient organisms have 
produced just the opposite results. Ricketts et 
al. found beta haemolytic streptococci to be 
100% inhibited by medium containing 200 
meg of oleic acid/ ml, whereas 470 meg of 
~aturated fatty acids from skin surface lipids 
produced only a 12% drop in the colony count 
of the same organism. 
Thus it would appear that oleic acid rna) be 
a very important factor in the sebum, not only 
in its role as a 'self-disinfecting' factor on the 
skin, but also in promoting growth of the so-
called 'normal' flora. 
These conclusions have been made on the 
basis of studies utilizing the normal form of 
oleic acid with the double bond in the 9: 10 po-
sition. Nicolaides et al. (15) have shown that 
in addition to this form, the predominant 
fo rms of oleic acid in skin surface lipids, are 
i ~omers with the double bond in the 8:9 and 
6 :7 positions. 
The amounts of total free fatty acids found 
in skin surface lipids vary in concentration in 
different individual . Haahti (16) reported this 
fraction in four different individuals to be 22.5, 
2.3, 20.1, and 11.7% of the total skin surface 
lipids. However, the ratio of the triglyceride 
fraction varied inversely to the free fatty acid 
fraction, and since the lipolysis of the triglyc-
eride fraction to free fatty acids appears to be 
dependent on the bacterial lipases, the timing 
in obtaining the lipid samples for analysis may 
have some bearing on the relative ratios. It is 
generally agreed (16, 17, 18, 19, 20) that fatty 
acids with 16, 18, and 14 carbon atoms are the 
main components of the fatty acid fraction of 
skin surface lipids. The unsaturated fatty acids 
form about two-thirds of this fraction, and 
palmitic acid appears to be the single predomi-
nant fatty acid. 
The mechanism whereby oleic acid promotes 
growth of C. acnes remains to be elucidated. 
Nieman (21) cites instances where oleic acid 
has been shown to act as a substitute for bio-
tin, and also as a general growth stimulator. 
On the other hand, since C. acnes grows well 
in vitro without obvious oleic acid additives, 
this fatty acid does not seem to be essential 
for C. acnes growth. Possibly it can be catabo-
lized by the organisms directly as an energy 
source; radiorespirometry studies presently in 
progres should elucidate this possibility. 
Whatever the mechanism of oleic acid action, 
it is still probable, simply from quantitative 
aspects of what is available in the sebum, that 
glycerol, rather than the fatty acid moiety of 
the triglyceride molecules, is the main source 
of nutrition for C. acnes. Oleic acid is one of 
the predominant free fatty acids in skin sur-
face lipids, but glycerol is liberated from each 
triglyceride molecule hydrolysed. The com-
parative effect of glycerol and oleic acid on the 
growth of C. acnes was demonstrated in Figure 
1. 
The strong inhibitory effect of most of the 
saturated fatty acids on C. acnes is more diffi-
cult to correlate with in vivo findings. Possibly 
their effect in vivo is minimized by low con-
centrations in the sebum. Lauric acid, which 
was the most inhibitory to C. acnes, was not 
among the 13 major free fatty acids in Haahti's 
analysis (16). Also, it is known that the repres-
sive effects of fatty acids on growth of micro-
organisms can sometimes be neutralized by 
biological 'antagonists' such as serum albumin, 
cholesterol, starch, or saponin (21). 
Axelrod et al. demonstrated that solid satu-
rated fatty acids which by themselves had 
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little growth promot1n0' effects on certain mi-
croorgam m acted ynergistically with llquid 
un aturated fatty acids (particularly oleic, 
linoleic and arachidonic) in increasing the 
growth stimulatory effect of these fatty acids 
(22). Thus, in order to get a more exact pic-
ture of the in vivo system, the next step is to 
carefully analyse and then reconstitute differ-
ent fractions of sebum, in order to study their 
combined effect on C. acnes and other cutane-
ous microorgani ms. 
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